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Statistical modeling of real time PCR data for membrane
transporter expression in Manduca sexta larvae
Kathleen M. Woods1 ’09, Bradley A. Hartlaub1, and Christopher M. Gillen2
Kenyon College Departments of Mathematics1 and Biology2
•We used real-time PCR to investigate expression of two transporters: masBSC, a cation-chloride cotransporter, and KAAT, a 
potassium amino acid cotransporter in the tobacco hawkmothManduca sexta. masBSC mRNA was detected in all tested tissues 
including foregut, midgut, hindgut, salivary gland, and Malpighian tubule, with no significant differences in expression level 
between tissues and instar values. 
•KAAT mRNA was also detected in all tested tissues with approximately 500 fold higher expression in middle and posterior midgut 
than other tissues. 
•We compared standard parametric methods (ttests and ANOVA procedures) with Mann-Whitney-Wilcoxon and Kruskal-Wallis 
tests, competing nonparametric procedures, for the difference in expression between the 4th and 5thinstar based on tissue 
location. With the exception of a few cases, the parametric and nonparametric tests yielded similar test statistics resulting in no 
change in significance. 
•Ansari-Bradley tests showed no significant differences in the variability between instars. Sensitivity analyses showed that outliers 
did not have a significant effect on our inferences. 
•For masBSC, multiple linear regression models explained approximately 89% of the variability in Ct. Similar models were fit and 
analyzed for KAAT using Ct and delta Ct as response variables. 
•The multiple regression model for KAAT explains approximately 96% of the variability in delta Ct, with significant date, instar,
tissue, and interaction effects. 
•Similar methods were used to explore the relationship between eEF1Bg expressions in gill, axial abdominal muscle, 
hepatopancreas, antennal gland and cardiac muscle of the crayfish Procambarus clarkia. Significant differences in expression 
during molt cycle were detected in the axial abdominal muscle, hepatopancreas, and cardiac muscle, and some differences in 
significance were found between parametric and competing nonparametric procedures.
•Ansari-Bradley tests for Ct values showed differences in the variability between temperatures in the hepatopancreas, antennal 
gland, and axial abdominal muscle. 
Figure 1: Ct is the number of cycles necessary for the 
amount of gene expressed to meet a predetermined 
threshold.  ∆Ct is the difference in expression between 
specific genes.
Figure 2: Normal probability plots of average Ct values.  
Linear trend indicates normal model is appropriate. 
2 independent samples:
T test (normally distributed data):
H0: µ1 = µ2 versus Ha:µ1≠ µ2
Mann Whitney test (distribution-free procedure):
Let  be the shift in locations due to treatment
H0:  = 0 versus Ha:  ≠ 0 ,               
AnsariBradley test (distribution-free procedure for equal
variances): 
H0: γ
2 =  Var(x) / Var(y) = 1
k independent samples:
ANOVA (normally distributed, with equal standard deviations): 
H0: µ1 = µ2 = … = µk versus Ha: At least two of the µ’s are
different 
Test Procedures
KAAT: AM FG HG MM MT PM SG
Mann-Whitney 0.298 0.315 0.241 0.235 0.171 0.093 0.315
2 sample T 0.252 0.235 0.205 0.174 0.165 0.095 0.766
BSC:
Mann-Whitney 0.936 0.379 0.648 0.648 0.676 0.379 0.315
2 sample T 0.518 0.381 0.930 0.554 0.561 0.667 0.364
Table 1: P-values for 2 sample comparisons of ∆Ct values
Figure 5: Profile plots of Instar and Date in the BSC 
gene for all tissues based upon Ct.
•Instars were compared for each tissue by gene. There we no significant differences in instars for any tissue for the 
masBSC gene (2 sample T test). Computations were repeated using the nonparametric Mann Whitney test and no 
changes in significance were found in any tissue. 
•Instars were compared for the KAAT gene with significant differences in the foregut (p = 0.03, p = 0.01), middle midgut 
(p = 0.012, p = 0.02), and posterior midgut (p<0.001, p<0.001). However, there were no changes in significance 
between the parametric and nonparametric procedures.
• Parametric and nonparametric tests were compared using the mean and the median as the statistic for analysis. 
However, there were no differences in significance when using the median for these procedures in place of the mean. 
•Sensitivity analyses were completed to observe the impact of outliers in parametric, nonparametric, and modeling 
procedures. However, removing the outliers had no effect on the significance of the tests used. 
Results
BSC Gene: (r2 = 0.89)
Cti= 0 + 1*Datei+2*Genei+ 3*Instari+ 4*Datei*Genei+ 4*Datei*Instari+ εi
KAAT Gene: (r2 = 0.965)
ΔCti= 0 + 1*Datei+ 2*Tissuei+ 3*Instari+ 4*Datei*Instari+ εi
Significant differences exist between instars in middle midgut and posterior midgut
Source DF Type III SS Mean Square F Statistic P-value
Date 5 73.5965 14.71931 23.15 <0.0001
Tissue 1 21.4831 21.4831 33.79 0.0002
Instar 1 33.5150 33.5150 52.71 <0.0001
Date*Instar 5 29.5504 5.9101 9.29 0.0016
•Before the categorical variables such as date, tissue, and instar were included in the models for Ct and ΔCt, roughly 30% of the variability in the response 
variables was explained.  The inclusion of these variables in our model drastically increases our ability to accurately estimate Ct values while taking into 
account categorical parameters not represented in simple two sample comparisons.
•The models show that tissue and instar have a significant effect on Ct values, a conclusion not provided by our two sample comparisons . General linear 
models for ΔCt indicate expression is highest in the middle midgut and posterior midgut, as supported by a low ΔCt value, and varies based on instar.The day 
to day variation in the Ct values are taken into account in the modeling procedures, but not the classical two sample procedure.
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1- 02.26.2008
2- 03.18.2008
3- 04.03.2008
4- 04.15.2008
5- 05.08.2008
Figure 4: Histogram of average Ct values for masBSC 
and masKAAT. 
Figure 3: Comparison of ΔCt values for each tissue by Instar for the masBSC and 
masKAAT genes.
ΔCt Model
Abstract
Source DF Type III SS Mean Square F statistic P-value
Date 1 424.3368 424.3368 48.33 <0.001
Gene 1 2251.5979 2251.5979 256.47 <0.001
Instar 1 130.8564 130.8564 14.91 0.0001
Date*Gene 1 715.6034 715.6034 81.51 <0.0001
Date*Instar 1 120.2739 120.2739 13.70 0.0002
Ct Model
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